We describe here our collaborative efforts in identifying 2 fatalities of a fire disaster by using a variety of identification techniques. Postmortem findings in both cases were reinforced using Short Tandem Repeat (STR) DNA technology to establish with a high degree of certainty the identities of 2 child victims. STR markers used in the present study include HUMAMEL, HUMCSFIPO, HUMTHO1, HUMvWA, HUMFES/FPS, HUMF13A01, HUMFOLP23, D8S3O6, HUMFGA, and HUMTPOX. Unambiguous identification was made possible through matching DNA profiles generated from skeletal remains with those from umbilical tissues. These tissues were kept by their mothers in accordance with a Philippine tradition and were submitted for DNA analysis. Of the DNA profiles generated from exhumed bone samples of 21 child victims, comparison with the genetic profiles of children A and B obtained from umbilical tissues showed consistent DNA matches with remains 1756 and 1758, respectively.
V arious conventional forensic techniques, e.g., fingerprint analysis, anthropology, and odontology, aid in the identification of sources of human remains. However, there are cases in which recovered remains are not recognizable by using these conventional methods. In the fire tragedy described here, identification was made more difficult because victims were mostly children with underdeveloped features and there was no standard procedure for proper recovery of remains of mass-disaster victims, which resulted in the intermingling of bodies and insufficient ante-and postmortem data. With these limitations, individualization of the fatalities at the DNA level was necessitated.
DNA typing is often used to identify remains of massdisaster victims. Methods such as Short Tandem Repeat (STR) analysis and mitochondrial DNA sequencing have been used for this purpose with varying degrees of success. [1] [2] [3] DNA analysis requires the victim's reference DNA sample for comparison with the DNA profile of the remains. If this is unavailable, reference samples from relatives, usually from the victim's parents, may be used to reconstruct the victim's genotype.
CASE REPORTS
In December 1998, a predawn fire completely burned the Assosacion de Damas de Filipinas social welfare institution in Manila. There were 28 reported fatalities; 23 were children, 5 of whom were younger than 2 years and were sleeping in the nursery at the time of the fire. Their unidentified bodies were interred shortly after the fire.
To identify the remains, relatives of the victims sought the assistance of the University of the Philippines' College of Medicine, College of Dentistry, and the DNA Analysis Laboratory. For this purpose, bodies were exhumed 3 months after the fire.
MATERIALS AND METHODS

Gathering of Antemortem Information and Reference Samples
Antemortem data of the deceased were obtained through interviews made with the victims' relatives. In the effort to identify their children through DNA typing, 2 moth-ers submitted umbilical tissues that they kept in accordance with a Philippine custom ( Fig. 1 ). The owners of these tissues were both younger than 2 years at the time of the fire. Reference blood samples from the women, both single mothers, were collected and directly blotted on FITZCO FTA™ cards (Fitzco Inc., Maple Plain, MN, USA).
Postmortem Examinations
After exhumation, remains underwent radiologic, pathologic, anthropologic, and dental examinations. Bodies were examined for remnants of clothing, dissected for sex determination, and defleshed. Noteworthy was that none of the recovered bodies had any appendages. The maxilla, mandible, and loose teeth were collected for odontological examination. All bone samples were inventoried, photographed, and radiographed before DNA analysis.
DNA Extraction Bone Samples
To ensure that bone samples corresponded to a single individual, vertebrae were taken from an intact spinal column of each set of remains. The outer portion of each bone sample was sawed off. The inner portion was washed twice in sterile deionized water with constant agitation by using a rotary shaker for 30 minutes and then air-drying. Dried samples were flash-frozen with liquid nitrogen and pulverized with a mortar and pestle. Powdered samples (0.2-0.5 g) were collected in 1.5-mL microcentrifuge tubes and decalcified by incubating with 1.0 mL of 0.5-M EDTA solution with constant agitation in a Thermolyne thermomixer 5436 (Eppendorf, Hamburg, Germany) set at 28°C (Ϯ 2°C). After 5 days with 3 solution changes of 0.5-M EDTA, bone samples were washed twice with sterile deionized water to remove excess EDTA.
DNA was extracted using a QiaAmp DNA MiniKit (Qiagen Inc., Chatsworth, CA, U.S.A.) according to the manufacturer's instructions for tissue protocol but with slight modifications. Cell lysis buffer (160 L; 10-mM Tris, 100-mM NaCl, 39-mM dithiothreitol, 10-mM EDTA, 25% SDS) and 4 L proteinase K (100 mg/ml; Gibco-BRL, Life Technologies, Gaithersburg, MD, U.S.A.) were added to the ATL buffer supplied in the commercial kit; the solution was incubated overnight at 56°C.
Umbilical Tissues
Dried umbilical samples were washed with sterile deionized water, flash-frozen with liquid nitrogen, and pulverized with a mortar and pestle. Powdered tissue (0.5-g sample) was incubated in 600 L cell lysis buffer (10-mM Tris, 100-mM NaCl, 10-mM EDTA, 2% SDS, and 39-mM DTT) and 15 L proteinase K (20 mg/ml). DNA was purified via organic extraction, 4 purified using Chelex, and concentrated using Centricon 100 microconcentrators (Amicon, MA, U.S.A.) as described by Jung. 5 DNA extracts were resuspended in 40 L TE -4 .
Blood
Blood samples collected from the 2 mothers were blotted directly on FTA™ cards (Fitzco Inc.) and processed according to the manufacturer's instructions.
DNA Fragment Analysis
Bone and tissue samples were amplified using HUM-AMEL 6 to determine the sex of the owner of these samples. DNA profiles were generated by using unlabelled primers (Gibco-BRL, Life Technologies), Cy5-labeled fluorescence primers (GenSet Oligos, Singapore) and Amplitaq Gold Polymerase and buffer set (PE Applied Biosystems, Foster City, CA, U.S.A.) in a Biometra UNO (Biometra, Germany) thermal cycler according to these conditions: for HUMFES/FPS, HUMF13A01, HUMTH01, HUMvWA, D8S306, HUM-FOLP23, and HUMAMEL, initial denaturation was at 92°C for 12 minutes, followed by 40 cycles of 94°C for 1 minute, 56°C for 1 minute, and 72°C for 1.5 minutes, and then a final dwell of 72°C for 10 minutes. For HUMCSF1PO, HUMFGA, and HUMTPOX, initial denaturation was at 92°C for 12 minutes, followed by 10 cycles of 94°C for 1 minute, 64°C for 1 minute, 70°C for 1.5 minutes, and then 20 cycles of 90°C for 1 minute, 64°C for 1 minute, and 70°C for 1.5 minutes. Amplified products were detected with the ALFExpress sequencer and ALFwin and Allelelinks software (Amersham Pharmacia Biotech, Sweden) by using automated fluorescence technology. K562 DNA (Promega, WI, U.S.A.) was used as positive DNA control. Samples were scored by using in-house DNA ladders as described previously. 7 In the assignment of possible genotypes of samples, allele peak areas were analyzed as recommended. 8 -10 Heterozygous alleles were assigned only when peak areas and peak heights were greater than 70% of the highest allele, while stutter products were typically less than 15%. 
RESULTS AND DISCUSSION
Identification of mass-disaster victims largely depends on the nature of the disaster, type and state of recovered samples, and the system of recovery and examination of these samples. Because of the absence of an established procedure and stable funding for forensic mass-disaster investigations, the identification of child victims in this particular case is still not complete 3 years later. This procedure could have been completed within a few weeks, with minimal testing, if the location of recovered bodies had been properly recorded. Moreover, the process of identifying bodies, including DNA analysis, would have had a greater chance of success if tests were conducted on fresh materials instead of exhumed remains. The intermingling and mislabeling of bodies during the preliminary recovery necessitated the use of DNA analysis to finally identify the remains of 2 children younger than 2 years by using their umbilical tissues that had been preserved by their mothers.
The DNA-extraction procedures described in this article yielded sufficient amounts of DNA that were used to generate reproducible amplified products and, subsequently, to identify the remains of the 2 children. DNA amplifications of forensic samples across 9 STR markers were performed with varying success. Overall, better amplification was ob-served for DNA extracted from umbilical tissues as compared with DNA extracted from bone samples in which only partial profiles were generated (Fig. 2) . Considerable degradation was observed in these samples that had been subjected to various environmental conditions, such as extreme heat and considerable microbial contamination.
Peak signals of PCR products were distinct, and peak areas were within the acceptable range in all the STR loci that amplified. DNA typing results generated by HUMAMEL showed that bodies 1756 and 1758 were male children, which was consistent with the results of postmortem examination. Notably, a small nodular midline tissue of mass found on body 1758 showed glandular structures among a fibromuscular stroma that appeared to be an infantile uterus (Fig. 3) . However, upon histopathologic examination, the tissue was found to be more consistent with an autolyzed prostate, and the authors therefore concluded that child 1758 was male.
Of the various genetic profiles generated from analyzing 5 remains of child victims younger than 2 years, only samples 1756 and 1758 were consistent with the DNA profiles obtained from the 2 reference umbilical tissues. DNA obtained from 1756 was successfully amplified at 10 loci ( Table 1) , whereas that from 1758 amplified at all loci except HUMF13A01, D8S306, and HUMFGA ( Table 2 ). With di- rect comparison of the profiles generated by using bone remains and victims' umbilical tissue, absence of a scoreable allele 9 at HUMTHO1 for 1756 and allele 8 in HUMTPOX for 1758 was evident, possible because of allelic dropout in these loci that naturally occurs in environmentally challenged samples. In an earlier study, 11 HUMTHO1 had been reported to have a strong tendency toward allelic dropout. It is worth noting that no antemortem medical or dental information was available for Child A; hence, identification relied solely on the results of DNA analysis of exhumed bone and umbilical tissue samples. In contrast, there was a radiograph that showed an old fracture in the left femur of Child B that could have led to the immediate identification of his remains. Unfortunately, most of the recovered bodies did not have any appendages, which prevented the identification of Child B according to his antemortem records.
Postmortem radiographic examination of the maxillary jaw of body 1758 showed a permanent first molar and a deciduous second molar. The tooth bud of the upper permanent first molar revealed development of the occlusal half crown. The second deciduous molar showed development of the crown near the cervical area, almost completing the crown. According to the chronology of human dentition development, these findings indicate an approximate age of about 9 months to 1 year 3 months (data not shown). Postmortem dental examination of the remains of 1756 was impossible because of the state of the jaw region of the exhumed remains.
Overall, postmortem findings in these 2 cases were consistent with the results of DNA analysis. In the fire described here, comparative identification by conventional methods was not sufficient to identify the victims' remains. The availability of victims' umbilical tissues was of particular importance: the victims' genotypes could not be reconstructed from parental genotypes, because of the absence of any paternal sample. The maternal DNA profiles served only to reinforce the results of the analysis of DNA profiles obtained from umbilical tissues and bone samples, thus establishing with a high degree of certainty the identities of the 2 child victims.
The storage of umbilical tissues after birth as a child's souvenir is practiced in many Philippine provinces. According to the results of this study, this practice should be fostered so that an individual's reference sample is available for human identification in cases of mass disaster, parentage testing, or criminal investigations. In addition, the use of umbilical tissues for DNA analysis offers a noninvasive *Graph exhibited a single but small peak that is consistent with loss of an allele (allelic dropout) that is common in degraded samples (11) . *Graph exhibited a single but small peak that is consistent with loss of an allele (allelic dropout) that is common in degraded samples (11) .
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